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INTRODUCTION
Whitetop (Cardaria draba (L.) Desv.), also known as hoary cress or
heart-podded whitetop, is classified as a noxious weed in the United States
and Canada. The weed was introduced to North America from Europe in the
1800s (Mulligan and Frankton 1962). The earliest collections of whitetop
were made in California in 1876 and Ontario (Canada) in 1878 (Groh 1940).
Two additional introductions of whitetop, lens-podded ( chalapensis (L.)
Hand.) and globe-podded (C. pubescens (Meyer) Jarm.) whitetop, are
reported to have occurred when contaminated Turkestan alfalfa seed was
brought to North America in the early 1900s (Groh 1940).
Whitetop is known to have a major economic impact on agronomic
crops (Mulligan and Findlay 1974, PNW Ext. Bul. 1974, Scurfield 1962).It
has been described as one of Oregon ' s worst noxious weed pests on irrigated
land, east of the Cascade Mountains (Jackman 1938). Whitetop is currently
found in 15 Oregon counties (Whitson 1984).Its movement into the
sagebrush ecosystem of eastern Oregon is cause for concern. In 1981 the
Baker County Livestock Association stated that "Landowners in Eastern
Oregon are increasingly concerned about the spread of whitetop. This
noxious weed is spreading on our rangelands where it is difficult and2
expensive to control." Rangeland in this context is the sagebrush ecosystem
and the associated forage base that supports the Baker County livestock
industry.
The role of whitetop in sagebrush ecosystems is relatively unknown. If
whitetop is an aggressive competitor in this ecosystem it will likely contribute
to system decline resulting in soil erosion, habitat deterioration, and reduced
forage availability. Consequently, proper management of these important
rangelands must include an awareness of the morphology, growth
characteristics, and ' place' of whitetop within the sagebrush ecosystem.
The purpose of this study was to evaluate whitetop seed germination
under different environmental conditions and to determine the mode and
vegetative impact of whitetop populations in the sagebrush ecosystem.3
LITERATURE REVIEW
Geographic Distribution
Whitetop is native to the Balkan peninsula, Georgian Soviet Socialist
Republic (SSR), Armenian SSR, Azerbaydzhan SSR, Turkmenia SSR,
Kazakhstan SSR, Irkutskaya Oblast, Turkey, Israel, Syria, Iraq, and Iran
(Mulligan and Frankton 1962).It was dispersed on a global scale by man in
the nineteenth and twentieth centuries and can now be found in Europe, Asia,
Australia, North and South America (Corns and Frankton 1952).
Growth Characteristics
Whitetop is a member of the mustard family (Brassicaceae).It is a
deep-rooted perennial with a spreading root system from which many aerial
shoots may arise. Whitetop plants, in the absence of competition, can spread
to a diameter of 3.7 m (Selleck 1965), produce 455 shoots (Kirk et al. 1943),
and establish a mean rooting depth of 74-81 cm (Selleck 1965) in a single
growing season.
Whitetop grows to a height of 30-60 cm and can be erect to nearly
procumbent. Mature plants have basal leaves which are pubescent, irregularly
toothed, and narrow to a petiole. The middle and upper leaves are sparsely
pubescent, irregularly toothed, and clasp the stem. The inflorescence is
comprised of elongated racemes of white flowers. The whitetop fruit is a
silicle, cordate in shape, having 2 locules, one seed in each. The seeds are4
oval, reddish-brown 1.5 X 2.0 mm and resemble alfalfa seed (Mulligan and
Findlay 1974).
Seed germination by whitetop occurs in the spring or fall depending
upon environmental conditions. Leaves emerge following cotyledon
development to form loose rosettes. Lateral root development occurs 2-3wk
following rosette development, and lateral shoots develop within 13-14wk
(Mulligan and Findlay 1974). Shoots sprout on adult plants in early spring
(April - May), and will set seed by mid-July. Seed maturity occurs in late-July
and a single adult plant can produce 1,200 to 4,800 seeds with 84% viability
(Selleck 1965). Field studies suggest that whitetop seed will remain viable 3-
4yr in irrigated and non-irrigated conditions (Bellue 1946, Pryor 1959).
Scurfield (1962) described the root system of whitetop as having a
vertical taproot which develops one or more lateral (first order) roots. The
lateral roots develop horizontally, spreading the zone of dominance of the
plant, and then turn down to form secondary, vertical roots. Shoot
development from buds can occur on any part of the permanent root system,
but are most common on secondary lateral roots that have extended vertically.
Buds in this location develop new rosettes while buds at deeper locations
form additional lateral roots. Vigorous vegetative reproduction by means of
rootstock or root fragments are an important method of whitetop spread and
survival (Jenkins and Jackman 1938).5
Barr (1942) observed that maximum accumulation of carbohydrates
(CHO) occurred in lens-podded whitetop in August (Colorado) and that little
CHO accumulation occurred earlier in the growing season. Carbohydrate
content was greatest in roots located below 30 cm throughout most of the
growing season. Starch content of undisturbed plants reached a maximum of
21% of the fresh weight while total sugar content never exceeded 7.4% and
reducing sugars remained below 1.4%. Miller (personal communication 1989)
studied carbon allocation to above- and below-ground parts of heart-podded
whitetop at 5 phenological stages of growth (rosette, bolt, early-bloom, late-
flowering, and seed formation). He observed that carbon allocation to below-
ground parts was 170-200% higher during early bloom than at any other stage
of phenological development.
Whitetop has been reported to be toxic and generally unpalatable to
livestock (Kingsbury 1964). However, practical experience indicates that
sheep will consume whitetop during its early growth stages and cattle ingest
large quantities of seedheads and stalks. McInnis et al (1990) determined
nutrient content of whitetop at 5 stages of phenology. Results indicate a
trend from rosette to hardseed respectively: crude protein, 28 to 8%; neutral
detergent, 13-53%; acid detergent fiber, 12-42%; cellulose, 10-32%; lignin, 2-
9%; in vitro organic matter digestibility, 77-49%; ether extract, 1.5-2.5%; and
total glucosinolates, 28-16 micromoles/g.6
Control and Management
The history of whitetop ' s spread on a global scale provides ample
evidence that wherever this weed occurs it should be met with intensive
efforts to effect its control or eradication (Corns and Frankton 1952). A
diversity of control methods have been attempted on whitetop since the early
1900s (Pryor 1959). These have ranged from the use of arsenic and salt to
intense cultivation and flooding.
A study in Fallon, Nevada determined the most effective method of
whitetop control was to plant competitive crops (Rosenfels et al. 1944). This
permitted an income and minimized the cost of clean cultivation or chemical
control. Eradication of whitetop was not feasible in cultivated fields unless a
similar control program occurred on the adjoining ditchbanks, fence rows,
wasteland, and levees. In related research, Selleck (1965) observed that
shrubs were effective competitors with whitetop. Rosenfels and Headley
(1944) observed that grass did little towards the control of whitetop.
The current recommended methods of chemical control of whitetop
utilize four different herbicides (PNW handbook 1990). The recommended
herbicides and application rates are: (2,4-dichlorophenoxy) acetic acid (2,4-D)
at 2.0-3.01b ae/A in non-cropland and 1.01b ae/A for selective treatment, 3-
amino-1,2,4-triazole (Amitrole) at 3.01b ae/50 gal of water for spot treatment,
2-chloro-N-[(4-methoxy-6-methyl-1,3,5-triazin-2-y1) aminocarbonyl]-
benzenesulfonamide (Chlorosulfuron) at 0.37-0.75 oz ai/A, and Methyl 2-7
E[(4-methoxy-6-methyl-1,3,5-triazin-2-y1) amino]carbony1]-
amino]sulfonyl]benzoate (Metsulfuron) at 0.3-0.6 oz ai/A. Herbicide
application should occur at the pre-bloom stage of growth, although the latter
two herbicides can also be applied in the fall on rosettes.8
STUDY AREA
The study area is located near Keating, Oregon (Baker County) and is
part of the foothill range located at the southern base of the Wallowa
mountains. The elevation of this rangeland area is 701 m to 1220 m (2300-
4000 ft) with undulating topography.
Climate
Mean annual precipitation (Appendix A) for this area is 22-36 cm (9-
14 in). The majority of the precipitation occurs during the winter months,
with occasional summer thunderstorms and extended periods of summer
drought. During this study, mean monthly precipitation was 2.3 cm (0.92 in),
and mean annual precipitation was 22 cm (8.6 in). The study area has a
mean annual air temperature range of 8-10°C (45-50°F) with a frost free
period of 110-130 days.
Geology and Soils
The geology of the foothill region consist of fluvial and glacial deposits,
lake bed and related sediments, which are interspersed with basalt and
basaltic andesite flows originating in the Wallowa mountains (Baldwin 1964).
Soils in this area are members of the Encina or Virtue soil series (USDA Soil
Conservation Service 1989).
Encina Gravelly Silt LoamThe Encina series is characterized as a
well-drained soil formed in loess and lacustrine sediments on south slopes of
terraces with 2-12% slopes. The surface layer texture is gravelly silt loam (0-9
10 cm). The subsoil texture is clay loam or clay (10-20 cm). This is followed
by substratum of stratified calcareous silt loam and silty clay loam (20-76 cm),
over weakly cemented very gravelly loam (76-152 cm).
Virtue Very Gravelly Silt LoamThe Virtue series is characterized as
a moderately deep well-drained soil formed from lacustrine sediments
overlying a duripan. Soils in this series occur on fans and terraces. Typically
the surface layer texture is silt loam (0-18 cm). The subsoil texture is silty
clay loam (18-56 cm) over an indurate duripan. Depth to the duripan varies
from 50-102 cm.
Soil profiles were exposed and described in 1988 on three topographic
positions in the immediate study area. All three profiles belong to the Encina
Gravelly Silt Loam soil series.
Toes lope positionTotal soil depth was in excess of 53 cm with A,
B1, and B2 horizons present. Soil textures were described as silt loam, silty
clay loam, and clay loam respectively. The A horizon was non-gravelly and
well-drained with a pH of 6.9. The B1 and B2 horizons had a pH of 7.7.
Mid-slope, north aspectTotal soil depth was in excess of 36 cm with
A, B1, and B2 horizons present. Soil textures were gravelly sandy loam in the
A horizon and clay in the B2 horizon. The pH was 7.7 throughout the soil
profile.
Mid-slope, south aspectTotal soil depth was in excess of 48 cm with
A, B, and C horizons present with soil textures of clay loam, clay, and sandy10
clay loam respectively. The pH was 7.7 throughout the soil profile. This site
supported a monoculture of whitetop.
Plant Communities
The native vegetation throughout much of the study area would be
classified as a Wyoming big sagebrush/bluebunch wheatgrass habitat type.
The understory of this habitat type is dominated by bluebunch wheatgrass
(Agropyron spicatum (Pursh) Scribn. & Smith) with lesser amounts of
Sandberg bluegrass (Poa sandbergii Vasey), and bottlebrush squirreltail
(Sitanion hystrix (Nutt.) Smith) (Hironaka et al. 1983). Franklin and Dyrness
(1973) also describe this vegetation as an Artemisia tridentata/Agropyron
spicatum plant association. The association consists of four layers of
vegetation. The shrub layer is dominated by Wyoming big sagebrush
(Artemisia tridentata ssp. wyomingensis Nutt.), basin big sagebrush (A.
tridentata ssp. tridentata Nutt.) with lesser amounts of green rabbitbrush
(Chrysothamus viscidiflorus (Hook.) Nutt.), three-tipped sage (A. tripartita
Rydb.), and spiney hopsage (Atriplex spinosa (Hook.) Collotzi). The second
layer is comprised of caespitose perennial grasses, dominated by bluebunch
wheatgrass with lesser amounts of needle and thread (Stipa comata Trin. &
Rupr.), Thurber needlegrass (S. thurberiana Piper), Cusick bluegrass (2.
cusickii Vasey), and bottlebrush squirreltail. The third layer contains plants
within one decimeter of the soil surface and includes sandberg bluegrass,
cheatgrass (Bromus tectorum L.), and stick-tight (Lappula redowskii11
(Hornem.) Greene). Lastly a surface crust layer is typically composed of
crustose lichen and acrocarpous mosses.
The landscape of the study area is currently dominated by Wyoming
big sagebrush, basin big sagebrush and crested wheatgrass (Agropyron
cristatum (L.) Gaertn.). Additional species of importance include green
rabbitbrush, gray rabbitbrush (C. nauseosus (Pall.) Britt.), cheatgrass, and
Sandberg bluegrass. Heart-podded whitetop was introduced into this area and
currently infests crop and rangeland areas.
The study area contains a number of active cattle grazing allotments
administered by the Bureau of Land Management (USDI). The area is
currently managed using a deferred rotation system and is stocked at 2.5
acres/animal unit month.12
METHODS AND PROCEDURES
Whitetop Germination
The objectives of the whitetop germination study were: (1) to
determine if seed germination/viability is influenced by location in the soil
profile, (2) to determine if seed germination/viability is influenced by
exposure time to winter conditions, and (3) to determine if seed
germination/viability is influenced by topographic exposure (aspect).
Whitetop seeds were collected from several locations within the
Keating area in July 1988. Seeds were separated from the pods, cleaned and
counted into lots of 50. Each lot was sealed in a seed packet (nylon stocking
sewed and cut into a 2-3 inch segment) and placed in the field in October
1988.
The experimental design consisted of placing seed packets in four
topographic positions (ridgetop, toeslope, mid-slope north aspect, and mid-
slope south aspect). At each topographic position, seed packets were placed
at 0, 1, and 3 cm depths. The seed packets were retrieved throughout the
winter at six week intervals beginning on December 15 and ending on May 1,
1989. Each treatment combination was replicated five times within the
experiment (240 seed packets) and the experiment was conducted at two
locations in the study area.
Seed packets were opened after each retrieval date and the number of
germinated seeds (radicle emergence) was recorded. The remaining seed was13
placed on moistened (distilled water) filter paper in sealed petri dishes and
placed in an environmental chamber (16 hr dark period at 15-20°C, 8 hr light
period at 20-25°C). Germination trials were conducted for 16 days with
germination counts occurring at 4 day intervals. Data analysis included
Hartley ' s data normality test, factorial ANOVA, and mean separation by
least significant difference (P = 0.05).
Whitetop Population Dynamics
The objectives of the whitetop population study were: (1) to
determine if whitetop populations were increasing in the sagebrush ecosystem,
(2) to determine the most effective method of whitetop reproduction, and (3)
to determine the impact of whitetop populations on forage production.
Whitetop population dynamics was evaluated by establishing
permanent transects in two locations in the study area in 1987. Transects
were arranged so that each location had two transects intersecting whitetop
populations and two that skirted the edge of the populations. Individual
transects consisted of a 30 m tape stretched between two iron stakes. Twenty
equally spaced quadrats (0.2 m2) were placed along the tape to monitor
perennial plant density (whitetop stems/0.2 m2; other species plants/0.2 m2).
Plant density was monitored in May 1987, 1988, and 1989.
Excavations of fully occupied whitetop populations were made in
annual grass and sagebrush/grass communities. Ten excavations, 0.25 m2 by
40 cm in depth, were made in each community in 1988. Belowground14
whitetop biomass was separated by hand, washed, and placed into 0-20 and
20-40 cm depth categories. Node characteristics, root length, and biomass
were recorded to assess below-ground biomass and structural characteristics of
whitetop.
Whitetop seedling emergence was studied in 1987 and 1988 at 2
locations within the study area. Seeds were broadcast in November 1986 and
1987 in 0.1 m2 plots (50 seeds/plot) in sagebrush/grass, crested wheatgrass,
and annual grass communities. Within each community whitetop seeds were
planted following tilled (churned), moderately disturbed (fractured) and
undisturbed seedbed treatments. Seedbed treatments were replicated 3 times
within each community. Seedling emergence and survival were monitored
each year from May to June at weekly intervals.
Significance within the permanent transect, excavation and seedling
emergence trials were determined by performing analysis of variance
comparisons. Mean separations were determined by using least significant
difference comparisons (P = .05).
Gradient analyses were conducted in sagebrush /grass and annual grass
communities to determine the relationship between whitetop infestations and
forage production. Temporary transects (10/community) were established in
each community. Each transect extended from the center of a fully occupied
whitetop population into the surrounding plant community. Individual
transects were of variable length and contained eight sampling points (0.1 m215
quadrats). The sampling points were paired and approximated 0, 450, 900,
and 1350 kg/ha of whitetop biomass. Biomass approximations were made
initially by ocular estimation and later confirmed to ± 150 kg/ha through dry
matter determination. Aboveground biomass estimates were obtained by
clipping the whitetop, crested wheatgrass and annual grass at ground level and
drying the samples for 72 hr at 50°C. Significant differences in the
composition of aboveground biomass was determined using a one-way analysis
of variance with orthogonal comparisons.16
RESULTS AND DISCUSSION
Whitetop Germination
Data analyses were performed on two categories of seed germination:
(1) field germinated seedseeds germinated in the seed packet prior to the
retrieval dates of December 15, February 1, March 15, and May 1 and (2)
total germinationseeds germinated in the field plus seeds germinated in the
environmental chamber after each retrieval date.
Field Germinated SeedField germination was influenced by retrieval
date (Appendix B). Germination was not observed in seed packets retrieved
on December 15 or February 1. However, seed packets retrieved on March
15 and May 1 both contained an average of 27 percent germinated seed.
These two observations suggested that field conditions prior to February 1
were not appropriate for germination and that the majority of the field
germination occurred between February 1 and March 15. The latter was
inferred from the absence of additional field germination between March 15
and May 1. This scenario corresponds with the precipitation and temperature
events observed during the study (Appendix A). October, although warm
enough for germination, received only 0.05 cm of precipitation. The months
from November through January were colder than normal with each month
receiving approximately 3.5 cm of precipitation in the form of snow which
blanketed the landscape for much of that time period. February and March,
the period of germination, received 5 cm of precipitation and included spring17
runoff. Temperatures during April were favorable for germination, but
precipitation totaled only 1.6 cm.
Field germination was also affected by the placement of the seed
packets on different topographic positions and at varying locations in the soil
profile (Table 1). Average germination was greatest in seed packets placed
on the toeslope. Intermediate germination rates were observed on the north
aspect and ridgetop positions. The lowest germination rates were observed in
packets retrieved from the south aspect. Field germination rates were highest
at 1 and 3 cm in the soil profile on the north, south, and ridgetop positions
while germination on the toeslope position decreased with each increment of
planting depth. This trend suggests that soil moisture limits germination of
whitetop seeds in the sagebrush ecosystem. Sites influenced by run-off or
increased rates of evaporation had higher seed germination when seeds were
placed in the soil thereby enhancing the transfer of soil-water to the seed and
minimizing surface extremes in temperature and moisture. In contrast, a
toeslope position that would benefit from overland flow and greater soil
moisture content yielded the highest field germination rates on the soil
surface.
Total GerminationThe analysis of total germination (Table 2) was
used to determine changes in seed viability/dormancy that resulted from
exposure time to temperature and moisture extremes. Germination was
affected by topographic position and exposure time. Overall germination was18
Table 1.Significant changes in percent field germination of whitetop seed
associated with topographic position and soil profile location. Horizontal
letter changes indicate significance (P = 0.05) except for position totals where
vertical comparisons are shown. ,
Soil Profile Depth (cm)
Position
Position 0 1 3 Totals
%
Toes lope 56a 43b 34c 45a
North Aspect 16b 34a 28a 26b
Ridgetop 19a 27a 26a 24b
South Aspect 6b 16a 20a 14c
Depth Totals 25b 30a 27ab19
Table 2.Significant changes in percent total (field + chamber) germination
associated with retrieval date, topographic position, and soil profile location.
Horizontal letter changes indicate significance (P = 0.05) except for position
and depth totals where vertical comparisons are shown.
Retrieval Date
12/15 2/1 3/15 5/1 Total
Position %
Toe-slope 91b 84c 94a 84c 88a
North Aspect 91a 78d 89b 86c 86b
Ridgetop 89a 77c 87b 86b 85bc
South Aspect 88a 74b 88a 87a 84c
Depth cm
0 94a 87b 86b 82c 87a
1 89b 77c 92a 88b 86a
3 85c 71d 90a 88b 84b
Total 90a 78c 89a 86b20
greatest on the toeslope followed by the north aspect. Germination was
lowest on the ridgetop and south aspect respectively. Seeds on the toeslope
had the greatest germination on the March retrieval date. Seeds placed on
north aspect, ridgetop, and south aspect showed no consistent trend in
germination rates as exposure time increased. From a practical point of view
the differences in germination observed (94% to 74%), while statistically
significant, would have little impact on the establishment of whitetop if
conditions favorable to germination were to occur. Seeds retrieved in
February had the lowest total germination regardless of the topographic
position. A chemical or physical change may have occurred within the seeds
between mid-December and February that temporarily reduced germination
potential.
The average germination rates associated with planting depth indicate
that burial beyond 1 cm will have a negative impact on total germination
(Table 2). Seeds placed on the soil surface had high rates of germination on
December 15, followed by a declining rate of germination as exposure time
was increased. In contrast, seeds placed at the 1 and 3 cm planting depth had
peak germination rates in March with reduced germination in December,
February, and May.
The readiness of whitetop seeds to germinate is reflected in the rates
of germination observed after the seeds were placed in the environmental
chamber for 4 days (Appendix B). Total seed germination at that time was21
within 2 percent of the 16 day totals for all four topographic positions and
three planting depths. This information suggests that environmental
conditions rather than seed viability or dormancy is limiting germination in
the sagebrush ecosystem.
Whitetop Population Dynamics
A significant (P = 0.05) increase in whitetop shoot density was observed
among 8 permanent transects between 1987 and 1989 (Table 3). This
increase coincided with a 1989 winter (November 1988-March 1989)
precipitation that was 230% of the precipitation received in 1987 or 1988
(Appendix A).
Examination of the transect data (Table 4) revealed that the shoot
density increase was not the result of an area expansion by the whitetop
populations. Instead the density increase was restricted to previously infested
plots. Whitetop shoot density increased 138% in infested plots while density
increases in uninfested areas remained unchanged (<9%). This increase was
due to vegetative reproduction. Seedling establishment was not observed
along any of the transects during the three year study.
Excavations of fully occupied whitetop infestations in annual grass and
sagebrush/grass communities yielded additional information concerning the
whitetop increase (Table 4). The annual grass and sagebrush/grass
infestations contained 10 m of whitetop root (tap & lateral roots) in a 0.25 m2
area when excavated to a depth of 20 cm and an additional 4.5 m between22
Table 3. Analysis of permanent transect plant density (whitetop, stems/0.2
m2; other species, plants/0.2 m2) changes between 1987 and 1989.
1987
YEAR
1988 1989 P
SPECIES Density
Whitetop 3.1 3.1 4.8 .05
Crested Wheatgrass 6.1 5.2 5.6 NS
Sandberg Bluegrass 3.5 3.7 3.5 NS
Wyoming Sagebrush .28 .27 .27 NS
Green+ Gray
Rabbitbrush .21 .19 .22 NS
Lupine .07 .09 .10 NS
Astragalus .02 .03 .06 NS
Lomatium .06 .04 .06 NS
Phlox .11 .14 .18 NS23
Table 4. Analysis of permanent transect and root excavation data from
whitetop populations.
Permanent Trasects
Year
Transect Total 1987 1988 1989 LSD P
Shoots/Plot 6.2 6.2 9.6 1.9 0.10
Infested Transects
Infested 13.5 14.5 14.7 NS
Plots/Transect
Shoots/Infested 9.1 8.4 12.1 1.6 0.05
Plot
Root Excavation
Depth Community
Parameter cm PerennialAnnual P
Root Length (m/.25m2) 0-20 10.4 9.0 NS
20-40 4.6 4.1 NS
Biomass (g/.25m2) 0-20 2.3 5.0 0.05
20-40 2.4 2.9 NS
Shoots (shoots/.25m2) 0-20 45.7 47.2 NS
Adventitious Buds 0-20 20.5 17.9 NS
(areas/.25m2)
Shoots/Budding Area 0-20 2.3 2.9 NS24
the 20-40 cm depth.The lateral root system in the upper 20 cm of the
excavation averaged 19 areas of adventitious budding (vertical extensions of
lateral roots) and each budding area averaged 2.5 adventitious shoots with
numerous dormant buds. These structural characteristics supported the
permanent transect data. Activation of dormant buds on established whitetop
roots could account for the increase in shoot density without requiring lateral
expansion of the existing root system or an increase in seedling establishment.
The root biomass contained in fully occupied whitetop populations
differed between the annual grass and sagebrush/grass communities (Table
4). Populations in the annual grass community had twice as many grams of
root per 0.25 m2 in the top 20 cm of topsoil when compared to the
sagebrush/grass community. Whitetop root stock may be more robust in the
annual grass community due to less competition during the latter portion of
the growing season. Most annual grasses complete their growth cycle before
periods of severe moisture stress in this ecosystem. In contrast, the dominant
perennial grasses and whitetop extend their growth cycle into periods of
moisture stress and would be more likely to compete for moisture at that
time.
Whitetop seedling emergence was studied in 1987 and 1988 (Table 5).
Seedling emergence was greatest in annual grass communities with soil tillage.
Approximately 7% of the seeds emerged in 1987 in plots receiving that
treatment. In 1988, seedling emergence remained highest in the annual grass25
Table 5. Analysis of whitetop seedling emergence in three plant communities
with three levels of soil disturbance. Horizontal letter changes indicate
significance (P = 0.05) except for position totals disturbance means where
vertical comparisons are shown.
Communities
Annual
YearDisturbance Sage/Grass WheatgrassGrassMean
Density
1987
1988
Tilled 0.2a 0.3a 3.7b 1.4a
<1% <1% 7% 3%
Moderate Oa Oa Oa Ob
0% 0% 0% 0%
Undisturbed Oa Oa Oa Ob
0% 0% 0% 0%
Mean 0.1a 0.1a 1.2b
<1% <1% 2%
Tilled 0.8a 0.3a 2.3a 1.2a
2% <1% 4% 2%
Moderate 0.5a Oa 0.8a 0.4ab
1% 0% 2% <1%
Undisturbed Oa Oa Oa Ob
0% 0% 0% 0%
Mean 0.4a 0.1a 1.1b
1% <1% 2%26
community and where soil tillage was used as a seedbed treatment. Seeds
planted in undisturbed or moderately disturbed sagebrush/grass, perennial
grass, or annual grass communities did not yield significant seedling
emergence in either year of the study. Seedling survival beyond June was not
observed in this study. These observations correspond with the absence of
whitetop seedlings noted in the permanent transect data. Furthermore soil
tillage appears to be beneficial to whitetop seedling emergence during periods
of drought.
Whitetop is capable of maintaining viable populations during periods
of drought in the sagebrush ecosystem. The permanent transect data
illustrates that the below normal precipitation amounts observed in this study
were within the tolerance limits of adult whitetop plants. The vegetative
reproductive response of established whitetop populations to periods of
favorable moisture underscore the reproductive potential of this plant and
suggest that vegetative growth is the principal reason for increased resource
capture by whitetop in this ecosystem. The absence of established whitetop
seedlings during this same time period suggest that the drought tolerance of
whitetop seedlings was exceeded. The seeding trials indicated that whitetop
seedling emergence and survival was benefitted by areas of vegetation and
soil disturbance. Field observation of extensive pocket gopher (Thomomys
spp.) activity in whitetop populations suggest that their burrowing and27
foraging activities contributed to seedbed preparation as well as the
distribution of root fragments for vegetative reproduction.
Comparison of the plant composition (density) among permanent
transects located in the sagebrush/grass community between 1987 and 1989
indicate that perennial plant composition, other than whitetop, did not change
during this study (Table 3). The primary difference between transects located
in infested and non-infested areas (Table 6) was the association of whitetop
populations with a 38% reduction in crested wheatgrass density. In contrast,
the density of the other perennial plants was not influenced by the presence
of the whitetop populations.
Gradients of whitetop infestation were used to determine the dry
matter (DM) biomass response of crested wheatgrass to increased production
of whitetop in the sagebrush /grass community (Table 7). Crested wheatgrass
biomass declined significantly with increasing amounts of whitetop production
(0, 450, 900, and 1350 kgDM/ha). The relationship between crested
wheatgrass and whitetop contained a significant linear component described
by the following response curve.
Whitetop Biomass Regressionr
2
0-1350 kgDM/ha y = 1060.72 (x) 0.74
where y = kgDM/ha of crested wheatgrass
x = kgDM/ha of whitetop productionTable 6. Analysis of mean plant density (whitetop, stems/0.2 m2; other
species, plants/0.2 m2) changes along permanent transects influenced by the
presence or absence of whitetop populations.
SPECIES
MEAN COMPOSITION
Whitetop
Present
Whitetop
Absent P
Whitetop 7.3 0.0 .01
Crested
Wheatgrass 4.5 6.8 .01
Sandberg
Bluegrass 3.0 4.2 NS
Wyoming
Sagebrush 0.28 0.24 NS
Rabbitbrush 0.06 0.33 NS
Lupine 0.06 0.11 NS
Astragalus 0.04 0.04 NS
Lomatium 0.11 0.0 NS
Phlox 0.14 0.14 NS
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Table 7. Biomass response of crested wheatgrass and annual grass to
increased production of whitetop.
Whitetop (kg/ha) LSD Contrast
Forage 0 4509001350.05LinearQuad.Cubic
kg/ha
Crested 110066046080 2.0 .01 NS NS
Wheatgrass
Annual 126010601230910NS
Grass30
Between 0-1350 kgDM/ha of whitetop biomass there is an approximate
reduction of 72 kg/ha of crested wheatgrass production for every 100
kgDM/ha increase in whitetop production. Crested wheatgrass production
was reduced by 1/3 and 1/2 when whitetop populations approach 500 and 740
kgDM/ha. This relationship is influenced by the presence of rodent activity
in most whitetop populations. Field observation of concentrated gopher
mounding suggests that gopher activity would spread whitetop root fragments,
prepare a disturbed seedbed, and disrupt existing crested wheatgrass plants
within the area.
A similar gradient analysis was done in the annual grass community to
determine if annual grass production declined with increasing whitetop
production (Table 7). The results of the analysis indicated that annual grass
biomass did not respond to increases in the whitetop population.
The response of crested wheatgrass to the level of whitetop infestation
can be partly understood by recognizing that in non-infested areas crested
wheatgrass comprised 57% of the perennial plant density. Consequently
whitetop encroachment and the associated rodent activity would have a
greater likelihood of spatial displacement of crested wheatgrass. In addition
both species have growth patterns that extend into periods of moisture
deficiency and are removing moisture and nutrients from similar levels in the
soil profile. However the displacement of crested wheatgrass by whitetop31
does not translate into a direct loss in forage for cattle or sheep since
whitetop is consumed by both species in varying amounts.32
SUMMARY AND CONCLUSIONS
The germination of whitetop seeds in the sagebrush ecosystem is
limited by environmental conditions. The period of greatest field germination
occurred in early spring between February 1 and March 15. Exposure to
environmental conditions that limit soil moisture reduces seed germination.
Germination was greatest when seeds were placed on the soil surface on
mesic sites or were covered with a moderate amount of soil on drier exposed
sites. Furthermore, these results indicated that low topographic positions
yielded twice as many germinated seeds in the spring when compared to side-
slopes or ridgetops.
Seed viability was reduced by winter exposure but did not drop below
74 percent total germination with any of the treatments tested. Seeds exposed
on the soil surface exhibited a gradual loss in germination potential as
exposure time increased. In contrast seeds buried under a moderate amount
of soil (1-3 cm) exhibited peak germination potential in March. Whitetop
seeds appear to undergo a chemical or physical change during the coldest
winter months (December - January) which temporarily reduces germination
potential.
Whitetop establishment through germination appeared to require
above-normal spring moisture in the sagebrush ecosystem. Seeding trials
conducted during this study did not result in established whitetop seedlings.
Seedling emergence was dependent upon soil disturbance. Established33
populations of whitetop survive and reproduce during normal and below-
normal years of precipitation through their root system. The vegetative
reproductive response of established whitetop plants to favorable moisture
conditions indicated that vegetative growth is the principal reason for
increased resource capture in the sagebrush ecosystem. Consequently,
increases in whitetop populations appear to be a localized phenomenon
dominated by vegetative reproduction during most years with successful seed
reproduction spreading whitetop on a larger scale during years of above-
normal precipitation. The role of rodent activity and other sources of soil
disturbance cannot be overlooked when discussing the spread of whitetop.
Rodents in particular are found in abundance in and around most whitetop
infestations where they apparently graze on above- and belowground parts of
whitetop. Their activity could help spread whitetop by distributing root
fragments (vegetative reproduction), eliminating grass competition through
the physical displacement of perennial grass plants, and establishing a suitable
seedbed for germination and seedling establishment.
The influence of whitetop encroachment on community composition is
reflected primarily in reductions in crested wheatgrass density and production.
The level of crested wheatgrass production was reduced by 1/3 and 1/2 when
whitetop production was approximately 500 and 740 kgDM/ha respectively.
The loss of crested wheatgrass production undoubtedly influences the carrying
capacity of the sagebrush rangeland. However the conversion of the lost34
productivity in crested wheatgrass to a loss in usable forage is not one for
one. Whitetop is grazed in varying amounts by livestock and wildlife and
would therefore substitute, at least in part, for reductions in crested
wheatgrass production.35
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APPENDIX A
Monthly Precipitation in cm (Inches)
YEAR
Month 1986 1987 1988 1989
January 2.82 1.42 1.68 3.33
(1.11) (0.56) (0.66) (1.31)
February 4.22 1.02 1.50 1.80
(1.66) (0.40) (0.59) (0.71)
March 1.70 1.95 0.41 3.61
(0.67) (0.77) (0.16) (1.42)
April 1.80 0.76 1.45 1.65
(0.71) (0.30) (0.57) (0.65)
May 3.15 2.54 2.54 6.30
(1.24) (1.00) (1.00) (2.48)
June 2.03 2.72 6.76 2.23
(0.80) (1.07) (2.66) (0.88)
July 0.84 3.58 0.20 0.35
(0.33) (1.41) (0.08) (0.14)
August 1.68 0.30 1.42 5.94
(0.66) (0.12) (0.56) (2.34)
September 4.06 0.15 0.63 0.81
(1.60) (0.06) (0.25) (0.32)
October 0.66 0.00 0.05 1.29
(0.26) (0.00) (0.02) (0.51)
November 0.99 2.03 4.39 1.27
(0.39) (0.80) (1.73) (0.50)
December 0.56 2.92 3.48 0.25
(0.22) (1.15) (1.37) (0.10)39
APPENDIX B
Climatic Data Summary (Temperature) for Baker City, Oregon
From 1948 To 1988
Temperature
Month
2 years in 10 will have:
avg
grown' n
degree
days*
avg
daily
max
avg
daily
min avg
max
temp.
> than
min
temp.
< than
January 33.1 15.924.5 52 -17 3
February 40.6 22.031.3 59 8 13
March 48.7 26.337.5 69 8 49
April 58.4 30.644.5 80 16 159
May 67.1 38.152.6 89 24 392
June 75.0 44.359.7 95 30 589
July 84.8 47.766.3 100 34 812
August 83.9 46.265.0 99 33 775
September 74.6 38.356.4 94 22 493
October 62.0 30.046.09 84 14 208
November 45.6 24.535.0 64 2 34
December 35.6 18.126.9 53 -13 4
Yearly:
Average 59.1 31.845.5
Extreme 106 -39 101 -21
Total 3532
* A growing degree day is a unit of heat available for plant growth. It can be
calculated by adding the maximum and minimum daily temperatures, dividing
the sum by 2, and subtracting the temperature below which growth is minimal
for the principal crops in the area (Threshold : 40.0 deg. F)40
APPENDIX C
Climatic Data Summary (Precipitation) for Baker City, Oregon
From 1948 To 1988
Precipitation
2 yrs in 10 will have:
Month
avg
(in.)
less than
(in.)
more than
(in.)
average
number of
days with
0.10 inch
or more
January 0.96 0.52 1.35 2
February 0.68 0.37 0.95 2
March 0.83 0.50 1.13 2
April 0.80 0.34 1.20 2
May 1.36 0.59 2.01 4
June 1.33 0.50 2.03 4
July 0.56 0.13 0.95 1
August 0.77 0.19 1.33 2
September 0.70 0.18 1.18 1
October 0.65 0.28 1.03 2
November 0.91 0.46 1.29 3
December 1.04 0.46 1.52 3
Yearly:
Average
Extreme
Total 10.59 6.78 13.29 2841
APPENDIX D
Field Germination by Retrieval Date
Retrieval Date
12/15 2/1 3/15 5/1
Vo
0 0 28 27
Percent field germination (P=.05) of whitetop seed associated with
topographic position and soil profile location.
Soil Profile Depth (cm)
0 1 3
Position % Totals
Toe slope 56a 43b 34c 45a
North Aspect 16b 34a 28a 26b
Ridgetop 19a 27a 26a 24b
South Aspect 6b 16a 20a 14c
Totals 25b 30a 27ab
Percent total germination (P = 0.5) of whitetop seed associated with
topographic position and soil profile location after 5 days in the
environmental chamber.
Topographic Position
Toe slope North Aspect Ridgetop South Aspect
%
86a 85a 84a 81b
Soil Profile Depth (cm)
0 1
%
3
87a 83b 82b42
APPENDIX E
Plant Species Lis-0
Agropyron cristatum (L.) Gaertn.
Agropyron spicatum (Pursh) Scribn. & Smith
Artemisia tridentata ssp. tridentata Nutt.
Artemisia tridentata spp. wyomingensis Nutt.
Artemisia tripartita Rydb.
Atriplex spinosa (Hook.) Collotzi
Bromus tectorum L.
Cardaria chalapensis (L.) Hand.
Cardaria draba (L.) Desv.
Cardaria pubescens (Meyer) Jarm.
Chrysothamus nauseosus (Pall.) Britt.
Chrysothamus viscidiflorus (Hook.) Nutt.
Lappula redowskii (Hornem.) Greene
Poa cusickii Vasey
Poa sandbergii Vasey
Sitanion hystrix (Nutt.) Smith
Stipa comata Trin. & Rupr.
Stipa thurberiana Piper
1Plant names according to Hitchcock and Cronquist, 1978.